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(57) ABSTRACT 

The present disclosure relates to a method of forming a reus 
able cut mask or trim mask that can be used for multiple 
design levels, and an associated apparatus. In some embodi 
ments, the method is performed by determining positions of a 
plurality of mask cuts for a reusable cut mask or a reusable 
trim mask. Shapes are then routed along a routing path having 
a plurality of design levels. The routing path intersects one or 
more of the plurality of mask cuts at positions that form 
distinct shapes that connect nodes of an integrated chip shar 
ing a same electric network. By routing shapes on a plurality 
of design levels to intersect one or more of the plurality of 
mask cuts, the cut masks can be reused between the plurality 
of levels, therefore decreasing mask costs during fabrication. 

20 Claims, 8 Drawing Sheets 
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REUSABLE CUT MASK FOR MULTIPLE 
LAYERS 

REFERENCE TO RELATED APPLICATIONS 

This application claims priority to U.S. Provisional Patent 
Application Ser. No. 61/787,880 filed on Mar. 15, 2013, 
entitled “Reusable Cut Mask For Multiple Layers', which is 
hereby incorporated in its entirety. 

BACKGROUND 

To improve the functionality of integrated chips, the semi 
conductor industry has continually increased the number of 
transistors that are on an integrated chip. To achieve a larger 
number of transistors on an integrated chip, without Substan 
tially increasing a size of the integrated chip, the semicon 
ductor industry has continually reduced the minimum feature 
size of integrated chip components. For example, the mini 
mum gate width of a transistor has been reduced from tens of 
microns in the 1980s to tens of nanometers in advanced 
technology nodes (e.g., in 22 nm nodes, 16 nm nodes, etc.). 

However, next generation lithographic exposure tools have 
failed to keep pace with the demand for shrinking, and inte 
grated chips in advanced technology nodes have minimum 
feature sizes that are far less than the wavelength of radiation 
used in lithographic exposure tools. Therefore, to achieve 
Small minimum feature sizes, lithographic exposure tools 
have been forced to use tricks to reduce the minimum feature 
sizes. Double-patterning lithography (DPL) has emerged as 
one of the most promising solutions to continue Scaling in 
advanced processing nodes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an example of a cut mask lithography 
process that cuts a space between shapes using a cut mask. 

FIG. 2 illustrates a flow chart of some embodiments of a 
method of generating data for mask sets having a reusable cut 
mask or a reusable trim mask on a plurality of design levels. 

FIG. 3 illustrates a flow chart of some embodiments of a 
method of forming two design levels using a reusable cut 
mask. 

FIGS. 4A-4B illustrate block diagrams showing some 
embodiments of the formation of two design levels according 
to the method of FIG. 3. 

FIGS. 5A-5B illustrate diagrams showing some embodi 
ments of the formation on-chip structures using cut masks. 

FIG. 6 illustrates a flow chart of some alternative embodi 
ments of a method of forming a reusable cut mask. 

FIG. 7 illustrates some embodiments of IC layouts illus 
trating the formation of a reusable cut mask. 

FIG. 8 illustrates a flow chart of some alternative embodi 
ments of a method of forming a reusable cut mask. 

FIG. 9 illustrates some embodiments of IC layouts illus 
trating the formation of a reusable cut mask. 

FIG.10 illustrates a flow chart of some alternative embodi 
ments of a method of forming a reusable cut mask. 

FIG. 11 illustrates some embodiments of IC layouts illus 
trating the formation of a reusable cut mask. 

FIG. 12 illustrates a block diagram of some embodiments 
of a double cut mask set having a reusable cut mask. 

FIG. 13 illustrates a block diagram of some embodiments 
of a mask formation tool configured to form a reusable cut 
mask. 

DETAILED DESCRIPTION 

The description herein is made with reference to the draw 
ings, wherein like reference numerals are generally utilized to 
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2 
refer to like elements throughout, and wherein the various 
structures are not necessarily drawn to Scale. In the following 
description, for purposes of explanation, numerous specific 
details are set forth in order to facilitate understanding. It will 
be appreciated that the details of the figures are not intended 
to limit the disclosure, but rather are non-limiting embodi 
ments. For example, it may be evident, however, to one of 
ordinary skill in the art, that one or more aspects described 
herein may be practiced with a lesser degree of these specific 
details. In other instances, known structures and devices are 
shown in block diagram form to facilitate understanding. 
One type of double exposure technique that has become 

widely used is cut mask lithography processes. FIG. 1 illus 
trates an example of a cut mask lithography process that cuts 
a shape 102 using a cut mask 104. The shape 102 is typical 
formed by a first photolithography exposure process that uses 
a first photomask to selectively expose a photoresist material. 
A second cut mask is then exposed with a second photoli 
thography exposure to define gaps in the shape 102 (i.e., 
cuts in the lines). The gaps “cut” shape 102 into separate 
shapes, 102a and 102b, which can be subsequently trans 
ferred to a semiconductor wafer. By using a cut mask 104 to 
form spaces between shapes 102a and 102b, a smaller spac 
ing can be achieved than that possible using a single mask. 

Cut mask lithography processes typically form a cut mask 
having mask cuts that are positioned in a pattern according to 
a layout of an integrated chip design. For example, metal 
wires of a design level may be laid out in a GDS file and 
Subsequently positions of mask cuts may be determined to 
form spaces between the metal wires. While this method 
provides for a high degree of freedom on the design levels, it 
uses separate cuts masks for each design level. For example, 
a first cut mask for a first design level has mask cuts located at 
a first plurality of positions, while a second cut mask for a 
second design level has mask cuts located at a second plural 
ity of positions that are different than those of the first cut 
mask. It has been appreciated that the use of separate cut 
masks for each design level drives high mask costs during 
fabrication. 

Accordingly, the present disclosure relates to a method of 
forming a reusable cut mask or trim mask that can be used for 
multiple design levels, and an associated apparatus. In some 
embodiments, the method comprises determining positions 
of a plurality of mask cuts for a reusable cut mask or a 
reusable trim mask. Shapes are then routed along a routing 
path having a plurality of design levels. The routing path 
intersects one or more of the plurality of mask cuts at posi 
tions that form distinct shapes configured to connect nodes of 
an integrated chip sharing a same electric network. By routing 
shapes along a routing path, having a plurality of design 
levels, to intersect one or more of the plurality of mask cuts, 
the cut masks can be reused between the plurality of design 
levels, therefore decreasing mask costs during fabrication. 

FIG. 2 illustrates a flow diagram of some embodiments of 
a method 200 of generating data for mask sets having a 
reusable cut mask or a reusable trim mask on a plurality of 
design levels. 
At 202, positions of a plurality of mask cuts are determined 

for a reusable cut mask or a reusable trim mask. 
At 204, shapes are routed along a routing path having one 

or more design levels, wherein the routing path intersects one 
or more of the plurality of mask cuts at positions that separate 
the routing path into separate paths that respectively distinct 
wires configured to connected nodes sharing an electrical 
network. For example, shapes may be routed along a routing 
path having a first design level, a second design level, etc. In 
Some embodiments, shapes on the first design level may 
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intersect one or more of the plurality of mask cuts to form 
distinct wires that connect a same electrical network. In other 
embodiments, shapes on a second design level may intersect 
one or more of the plurality of mask cuts to form distinct wires 
that connect a same electrical network. By routing shapes 
along a routing path that intersect one or more of the plurality 
of mask cuts, the mask cuts are not positioned relative to 
shapes on a design level, but rather shapes on the design level 
are positioned relative to one or more of the plurality of mask 
cuts. This allows for the cut masks to be reused between the 
plurality of design levels. 

In some embodiments, a routing path may comprise a 
metal line extending over multiple electrical networks and 
having a length that meets design rules (e.g., a minimum area 
design rule). The plurality of mask cuts are configured to 
remove a part of the metal line to form two disconnected 
metal lines respectively associated with separate electrical 
networks. For example, a metal line may be routed between 
two signal points sands having a first electrical network 
and two signal points s, and S2 having a second electrical 
network. Since using a first metal line to connects and S 
and a separate metal line to connects, and S will violate 
minimum length design rules, a single metal line may be 
designed to connect S1, S2, S, and S2 along a routing path 
that intersects a mask cut. 

FIG. 3 illustrates a flow chart of some embodiments of a 
method 300 of forming two design levels using a reusable cut 
mask. 
At 302, positions of a plurality of mask cuts are deter 

mined. The plurality of mask cuts correspond to areas of 
multiple design levels that are removed to form spaces 
between shapes of the design levels. 

At 304, shapes are routed along a routing path having a 
plurality of design levels, wherein the routing path is config 
ured to intersect one or more of the plurality of mask cuts at a 
location between nodes having different electrical networks. 
In other words, the routing path is configured to intersect one 
or more of the plurality of mask cuts at positions that separate 
the routing path into distinct routing paths that connect nodes 
having a same electrical network. In various embodiments, 
the routing path may comprise shapes on the first design level 
that intersect one or more of the plurality of mask cuts at 
positions that correspond to end-to-end line spaces of the first 
design level or shapes on the second design level that intersect 
one or more of the plurality of mask cuts at positions that 
correspond to end-to-end line spaces of the second design 
level. 

In some embodiments, the method 300 may determine 
electrical networks of a design, at 306. For example, the 
method may determine electrical networks of one or more 
semiconductor devices. At 308, shapes are routed along a 
routing path having characteristics that meet design rules and 
that intersect one or more mask cuts at positions that separate 
the routing path into distinct paths associated with an electric 
network. By routing shapes along a routing path that inter 
sects one or more of the plurality of mask cuts on different 
design levels, the same mask cuts can be used for the plurality 
of design levels and therefore a reusable cut mask can be used 
for the plurality of design levels. 

At 310, a first mask set comprising a reusable cut mask or 
trim mask is formed for a first design level. The reusable cut 
mask or trim mask is formed using the mask cut data gener 
ated at 302. The first mask set may further comprise one or 
more additional pattern masks formed from the shape data 
corresponding to a first design level of the plurality of design 
levels generated at 304. 
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4 
At 312, a second mask set comprising the reusable cut 

mask or trim mask is formed for a second design level. The 
reusable cut mask or trim mask comprises the same reusable 
cut mask or trim mask used in the first mask set. The second 
mask set may further comprise one or more additional pattern 
masks formed from the shape data corresponding to a sec 
onding design level of the plurality of design levels generated 
at 304. 
At 314, a first design level is formed by performing a first 

photolithography patterning step on a Substrate according to 
one or more pattern masks of the first mask set and Subse 
quently performing a second photolithography patterning 
step on the Substrate according to the reusable cut mask or 
trim mask. 
At 316, a second design level is formed by performing a 

third photolithography patterning step on the Substrate 
according to one or more pattern masks of the second mask 
set and Subsequently performing a fourth photolithography 
patterning step on the Substrate according to the reusable cut 
mask or trim mask. 

FIGS. 4A and 4B illustrate some embodiments of diagrams 
showing lithographic exposures of a first design level and a 
second design level using a reusable cut mask. Although the 
masks shown in FIGS. 4A and 4B are illustrated as having 
openings that are similar to the shapes formed on the Sub 
strate, it will be appreciated that the mask openings are illus 
trated as non-limiting simplifications of actual mask openings 
for explanatory purposes. Actual mask openings may com 
prise mask reticle enhancement features (e.g., OPC features 
configured to mitigate line end shorting, corner rounding, 
etc.), which cause the mask openings to differ from the shapes 
formed on the substrate. 

FIG. 4A illustrates some embodiments of lithographic 
exposures of a Substrate 406 using a first mask set comprising 
a first pattern mask 402 and a reusable cut mask 414 for a first 
design level. 
The first pattern mask 402 comprises a plurality of mask 

openings 404. During a first photolithography exposure step, 
electromagnetic radiation 412 is applied to the first pattern 
mask 402. In some embodiments, the electromagnetic radia 
tion 412 may comprise ultra-violet radiation (e.g., having a 
wavelength of 193 nm). The electromagnetic radiation 412 
selectively changes the chemical composition of a photoresist 
layer 408 disposed on the substrate 406 to form the shapes 
410 within the photoresist layer 408. In some embodiments, 
the photoresist layer 408 may comprise a positive tone pho 
toresist, such that exposed areas of the photoresist layer 
become soluble upon being exposed. 

In some embodiments, the shapes 410 may comprise lines 
that are separated by periodic spaces S. (i.e., lines that are 
formed along a multiple of a fixed pitch). For example, the 
shapes 410 may comprise multiple parallel metal lines are 
formed to extend along a first direction 421 at periodic spaces 
Sthat are equal to a minimum spacing of the metallines. By 
forming the shapes 410 at periodic spaces, a lithography 
exposure tool can be tuned to improve the lithographic reso 
lution of the shapes 410. 
The reusable cut mask 414 comprises a plurality of mask 

cuts 416. One or more of the plurality of mask cuts 416 are 
disposed at locations that intersect the shapes 410 at positions 
of spaces between the shapes 410. During a second photoli 
thography exposure step, electromagnetic radiation 420 (e.g., 
ultra-violet radiation) is applied to the reusable cut mask 414. 
The electromagnetic radiation 420 operates to form spaces 
418 between the shapes 410 by removing unwanted area of 
the shapes 410 formed by the first pattern mask 402. 
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FIG. 4B illustrates some embodiments of lithographic 
exposures of the Substrate 406 using a second mask set com 
prising a second pattern mask 424 and the reusable cut mask 
414 for a second design level. 
The second pattern mask 424 comprises a plurality of mask 

openings 426. During a third photolithography exposure step, 
electromagnetic radiation 432 is applied to the second pattern 
mask 424. The electromagnetic radiation 432 selectively 
changes the chemical composition of a photoresist layer 428 
on the substrate 406 to form shapes 430 within the photoresist 
layer 428. In some embodiments, the shapes 430 may com 
prise multiple parallel metal lines are formed to extend along 
a second direction 422. 
The one or more mask cuts 416 of the reusable cut mask 

414 are disposed at locations that intersect the shapes 430 at 
positions of spaces between the shapes 430. For example, 
during a fourth photolithography exposure step, electromag 
netic radiation 434 (e.g., ultra-violet radiation) is applied to 
the reusable cut mask 414. The electromagnetic radiation 434 
operates to form spaces 418 between the shapes 430 by 
removing unwanted area of the shapes 430 formed by the 
second pattern mask 424. 

It will be appreciated that the fabrication processes used in 
the formation of the first design level and the second design 
level may vary depending upon the design level being formed. 
FIGS. 5A-5B illustrate some embodiments of the formation 
of on-chip structures for a polysilicon design level and for a 
metal interconnect design level using a cut mask, respec 
tively. 

Referring to FIG. 5A, three-dimensional view 500 illus 
trates a plurality of polysilicon gate lines 504 disposed on a 
substrate 502. As illustrated in three-dimensional view 506, to 
form spaces between the polysilicon gate lines 504, a reusable 
cut mask 508 is used to expose a first photoresist layer 510 
disposed over the polysilicon gate lines 504, resulting in 
openings 512. An etching process is then used to selectively 
etch the polysilicon gate lines 504 according to the openings 
512 in the first photoresist layer 510. The etching process, 
selectively cuts the polysilicon gate lines 504, as illustrated in 
three-dimensional view 514, to form a first polysilicon line 
504a and a second polysilicon line 504b separated by a space 
formed by the reusable cut mask 508. 

Referring to FIG. 5B, three-dimensional view 516 illus 
trates a plurality of trenches 520 within a dielectric layer 518 
disposed on a substrate 502. The trenches 520 correspond to 
metal interconnect lines that are Subsequently formed within 
the trenches 520. As illustrated in three-dimensional view 
522, to form a spaces between metal interconnect lines that 
will be formed in the trenches 520, a reusable cut mask 524 is 
used to expose a second photoresist layer 526 disposed over 
the dielectric layer 518. An etching process is then used to 
selectively etch the second photoresist layer 526 to formholes 
528 that extend to positions within the trenches 520. A reverse 
material 532 is deposited into the holes 528 to fill the trenches 
520 at locations of the spaces, as illustrated in three-dimen 
sional view 530. The second photoresist layer 526 and excess 
reverse material 532 are then removed, resulting in trenches 
520 that have spaces 536 formed by the reusable cut mask 524 
that cuts a trench 520 into a first trench 520a and a second 
trench 520b. 

While FIG. 5B illustrates the use of a 'cut first technique 
that forms special materials on mask cut positions so that 
metal shapes will be excluded from the cut regions, it will be 
appreciated that a cut last technique may also be used. In a 
cut last technique metal shapes are formed and then etch 
metal in cut regions. 
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6 
FIGS. 6, 8, and 10 illustrate various embodiments of meth 

ods for generating a mask set comprising a reusable cut mask. 
Although the methods of FIGS. 6, 8, and 10 are described in 
relation to the formation of a cut mask, it will be appreciated 
that the methods may also be applied to form trim masks. 
Similarly, although the methods of FIGS. 6, 8, and 10 are 
described in relation to the formation of metal wire layers, the 
methods may also be applied to other design levels. 

Furthermore, while the disclosed methods (e.g., method 
200, 300, 600, 800, and 1000) are illustrated and described 
below as a series of acts or events, it will be appreciated that 
the illustrated ordering of such acts or events are not to be 
interpreted in a limiting sense. For example, some acts may 
occur in different orders and/or concurrently with other acts 
or events apart from those illustrated and/or described herein. 
In addition, not all illustrated acts may be required to imple 
ment one or more aspects or embodiments of the description 
herein. Further, one or more of the acts depicted herein may 
be carried out in one or more separate acts and/or phases. 

FIG. 6 illustrates a flow diagram of some alternative 
embodiments of a method 600 for generating a mask set 
comprising a reusable cut mask. 
At 602, a plurality of pre-defined mask cuts are designed. 

The plurality of pre-defined mask cuts are designed at pre 
defined positions of an integrated chip layout (e.g., a GDS 
layout). 
At 604, metal wires on a plurality of design levels are 

routed to intersect one or more of the plurality of pre-defined 
mask cuts. The plurality of metal wires intersect one or more 
of the plurality of pre-defined mask cuts at positions that 
correspond to end-to-end spaces between the metal wires. In 
Some embodiments, end-to-end line spaces in different 
design levels are aligned at same positions so that the same 
pre-defined mask cuts can be used to form end-to-end spaces 
on the different design levels. For example, end-to-end line 
spaces on a first metal layer and a second metal layer may 
alignata position corresponding to a same one of the plurality 
of mask cuts. By routing the plurality of metal wires to inter 
sect one or more pre-defined mask cuts, Small end-to-end line 
spaces can be achieved with a reusable cut mask. 

FIG. 7 illustrates some embodiments oftop views, 700 and 
706, of an integrated chip layout according to method 600. 
As illustrated in top view 700, a plurality of pre-defined 

mask cuts 704 are designed within a design space 702 corre 
sponding to a cut mask. The plurality of pre-defined mask 
cuts 704 may be formed prior to placement of shapes within 
areas of design levels that the reusable cut mask will be used 
to form. 
As illustrated in top view 706, metal wires on a plurality of 

design levels are routed within a design area comprising the 
plurality of pre-defined mask cuts 704. The metal wires are 
routed to intersect one or more of the plurality of predefined 
mask cuts 704. In some embodiments, metal wires on mul 
tiple design levels may intersecta same one of the plurality of 
pre-defined mask cuts 704. In locations where metal wires 
intersect one or more of the plurality of predefined mask cuts, 
a Sub-resolution space (i.e., a space that is less than that which 
may be achieved using a single photomask) may be achieved 
between metal wires. 

In some embodiments, the plurality of metal wires may be 
located within an automatic place and route region 708, 
wherein the plurality of metal wires are automatically routed 
using an auto place and route (APR) tool. In some embodi 
ments, the auto place and route region 708 may comprise a 
region having metal interconnect wires configured to connect 
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a first region, such as an SRAM region 710 to another region, 
Such as an I/O 712 or an analog processing region 714, for 
example. 

FIG. 8 illustrates a flow diagram of some alternative 
embodiments of a method 800 for generating a mask set 
comprising a reusable cut mask. 

At 802, metal wires having sub-resolution spaces are 
designed as a continuous routing path on a plurality of design 
levels. The continuous routing path may comprise a continu 
ous connection of metal layers that connect a plurality of 
electrical networks. The Sub-resolution spaces are spaces that 
are less than that which can be achieved using a single mask. 
For example, if a minimum resolvable end-to-end space is 
equal to 40 nm, a Sub-resolution space would be an end-to 
end space less than 40 nm. 

At 804, a plurality of reusable mask cuts are designed. In 
some embodiments, one or more of the plurality of reusable 
mask cuts are designed to intersect the continuous routing 
path at location that form metal wires having the Sub-resolu 
tion spaces. For example, one or more of the plurality of 
reusable mask cuts may be designed at positions that corre 
spond to end-to-end spaces of the metal wires having Sub 
resolution spaces. In other embodiments, one or more of the 
plurality of reusable mask cuts are designed to intersect non 
metal regions of a design. The Sub-resolution spaces may 
separate the routing path into separate paths that correspond 
to distinct electrical networks. 

At 806, metal wires are re-routed on the plurality of design 
levels to intersect one or more of the reusable mask cuts. In 
Some positions, where the reusable mask cuts are available on 
a given design level, the re-routed metal wires may intersect 
the reusable mask cuts, while in other positions the re-routed 
metal wires may not intersect the reusable mask cuts. 

For example, after metal wires having Sub-resolution 
spaces are routed, mask cuts corresponding to the Sub-reso 
lution spaces may be determined. Since the mask cuts may 
correspond to different design levels, unused mask cuts may 
be present on each design level. Therefore, metal wires on a 
design level may be re-routed to intersect mask cuts not 
otherwise used on the design level. In the areas where the 
metal wires intersect a reusable mask cut, a Sub-resolution 
end-to-end space can be achieved. In areas where the metal 
wires do not intersect a reusable mask cut, the end-to-end 
space will be within the resolution achievable without the 
mask cuts. 

In some embodiments, rerouting the metal wires may com 
prise routing metal wires in addition to those routed at 802. In 
Some embodiments, rerouting the metal wires may addition 
ally comprise re-routing metal wires that were originally 
routed at 802. By performing a first routing operation at 802 
and a separate, second re-routing operation at 806, method 
800 is able to achieve a sub-resolution at specific areas, while 
still enabling the use of a reusable cut mask to provide for a 
high degree of design freedom at a reduced mask cost. 

FIG. 9 illustrates some embodiments of top views, 900, 
904, and 908, of an integrated chip layout according to 
method 800. 
As illustrated in top view 900, metal wires on a plurality of 

design levels are routed within a design area 902. The metal 
wires comprise metal wires having end-to-end spaces that are 
Sub-resolution. In some embodiments, the metal wires may 
be designed using an automatic place and route (APR) tool. 
As illustrated in top view 904, a plurality of reusable mask 

cuts 906 are designed within a design space corresponding to 
the design area 902. One or more of the plurality of reusable 
mask cuts 906 are designed at locations that intersect the 
metal wires so as to achieve the Sub-resolution spaces. In 
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some embodiments, the plurality of reusable mask cuts 906 
may comprise additional mask cuts that are designed at loca 
tions that do not intersect the first plurality of metal wires. 
As illustrated in top view 908, metal wires on the plurality 

of design levels are re-routed within design area 910. The 
metal wires are re-routed to intersect one or more of the 
plurality of reusable mask cuts 906. In the areas where the 
re-routed metal wires intersect reusable mask cuts 906, Sub 
resolution spacing can be achieved. In areas where the re 
routed metal wires do not intersect reusable mask cuts 906, 
the metal line spacing will be within the resolution achievable 
without the mask cuts. 

FIG. 10 illustrates a flow diagram of some embodiments of 
an additional method 1000 for generating a mask set com 
prising a reusable cut mask. 
At 1002, a plurality of pre-defined mask cuts are designed 

on a plurality of design levels. The plurality of pre-defined 
mask cuts are designed at pre-defined positions of an inte 
grated chip layout. 
At 1004, metal wires on a plurality of design levels are 

routed to attempt to intersect one or more of the plurality of 
pre-defined mask cuts. Metal wires that do intersect pre 
defined mask cuts have end-to-end spaces with Sub-resolu 
tion end-to-end spaces. 
At 1006, a plurality of reusable mask cuts are designed. In 

Some embodiments, the plurality of reusable mask cuts are 
designed at positions that corresponds to Sub-resolution end 
to-end spaces that were not achieved at 1004. In other 
embodiments, the plurality of reusable mask cuts are 
designed at positions do not intersect metal lines routed at 
1004. In some embodiments, the plurality of pre-defined 
mask cuts and the plurality of reusable mask cuts may be 
located on a same cut mask. In other embodiments, the plu 
rality of pre-defined mask cuts and the plurality of reusable 
mask cuts may be located on separate cut mask (e.g., in a cut 
double patterning process) 
At 1008, metal wires are re-routed on the plurality of 

design levels to intersect reusable mask cuts. In some posi 
tions, where the reusable mask cuts are available on a given 
design level, the re-routed metal wires may intersect the reus 
able mask cuts, while in other positions the re-routed meal 
wires may not intersect the reusable mask cuts. In the areas 
where the metal wires intersect a reusable mask cut, a Sub 
resolution end-to-end space can be achieved. In areas where 
the metal wires do not intersect a reusable mask cut, the 
end-to-end space will be within the resolution achievable 
without the mask cuts. 

FIG. 11 illustrates some embodiments of top views, 1100, 
1106, 1110, and 1116, of an integrated chip layout according 
to method 1000. 
As illustrated in top view 1100, a plurality of pre-defined 

mask cuts 1104 are designed within a design space 1102 
corresponding to a cut mask. The plurality of pre-defined 
mask cuts 1104 may be formed prior to placement of shapes 
within areas of design levels that the reusable cut mask will be 
used to form. 
As illustrated in top view 1106, metal wires are routed on a 

plurality of design levels within a design area 1108 compris 
ing the plurality of pre-defined mask cuts 1104. The metal 
wires are routed to intersect one or more of the plurality of 
pre-defined mask cuts 1104. In locations where metal wires 
intersect one or more of the plurality of predefined mask cuts 
1104, a Sub-resolution spacing (i.e., a spacing that is less than 
that which may be achieved using a single photomask) may 
be achieved between metal wires. 
As illustrated in top view 1110, a plurality of reusable mask 

cuts 1114 are designed within a design space 1112 corre 
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sponding to a cut mask. In some embodiments, the plurality of 
reusable mask cuts 1114 may be designed at locations that 
intersect the metal wires and/or at locations that do not inter 
sect the metal wires. 
As illustrated in top view 1116, metal wires are re-routed 

on the plurality of design levels within design area 1118. The 
metal wires are re-routed to intersect one or more of the 
plurality of reusable mask cuts 1114. In the areas where 
re-routed metal wires intersect reusable mask cuts 1114, sub 
resolution spacing can be achieved. In areas where the re 
routed metal wires do not intersect reusable mask cuts 1114, 
the metal line spacing will be within the resolution achievable 
without the mask cuts. 

It will be appreciated that the disclosed reusable cut mask 
is not limited a particular type of double patterning lithogra 
phy but instead may be applied to any type of double pattern 
ing lithography process. In some embodiments, a disclosed 
reusable cut mask may be applied to a cut double patterning 
lithography process. For example, FIG. 12 illustrates some 
embodiments of cut masks sets that may be used to forma first 
design leveland a second design level in a cut double pattern 
ing lithography process. 
A first cut mask set 1200 may be used to form a first design 

level. The first cut mask set 1200 comprises a first cut mask 
1202 having a first plurality of mask cuts 1204. The first 
plurality of mask cuts 1204 are spaced apart from one another 
at a minimum spacing S. The first cut mask set 1200 further 
comprises a second cut mask 1206 having a second plurality 
of mask cuts 1208. The second plurality of mask cuts 1208 
may be located at positions between the first plurality of mask 
cuts 1202. 

During a first double patterning lithography process, the 
first cut mask 1202 and the second cut mask 1206 are sepa 
rately exposed to cut a pattern formed by one or more pattern 
masks (not shown). The resultant mask cuts of the pattern are 
the collective cuts of the first cut mask 1202 and the second 
cut mask 1206, as shown at 1210. Since the second plurality 
of mask cuts 1208 may be located at positions between the 
first plurality of cuts 1202, the first and second plurality of cut 
masks, 1204 and 1208, collectively provide for mask cuts that 
are spaced below the minimum spacing S, thereby provid 
ing a higher resolution through the use of the two cut masks, 
1202 and 1206. 

In some embodiments, one of the first cut mask 1202 or the 
second cut mask 1206 may comprise a reusable cut mask, 
while the other one of first cut mask 1202 or the second cut 
mask 1206 may comprise a non-reusable cut mask. For 
example, the first cut mask 1202 may comprise a reusable cut 
mask that can be used for a plurality of design levels, while the 
second cut mask 1206 may comprise a non-reusable cut 
mask. By using a non-reusable cut mask in the cut double 
patterning lithography process, the design freedom of the cut 
double patterning lithographic process is improved, while the 
cost is reduced due to the use of the reusable cut mask. 

In Some embodiments, a second cut mask set 1212, used to 
form a second design level, may comprise the reusable, first 
cut mask 1202 and a non-reusable third cut mask 1214. The 
reusable first cut mask 1202 comprises the first plurality of 
mask cuts 1204. The non-reusable third cut mask 1214 com 
prises a third plurality of mask cuts 1216. The third plurality 
of mask cuts 1216 may be located between the first plurality 
of mask cuts 1204, so that the first and third plurality of cut 
masks, 1204 and 1216, collectively provide for mask cuts that 
are spaced below the minimum spacing, as shown at 1216. 

FIG. 13 illustrates some embodiments of a mask genera 
tion tool 1300 configured to generate a reusable cut mask or 
trim mask. 
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The mask generation tool 1300 comprises a memory ele 

ment 1302. In various embodiments the memory element 
1302 may comprise an internal memory or a computer read 
able medium. The memory element 1302 is configured to 
store an integrated chip (IC) layout 1304 having a plurality of 
design levels. In some embodiments, the memory element 
1302 further comprises computer-executable instructions 
1306. The computer readable instructions 1306 may provide 
for a method of operating one or more components of the 
mask generation tool according to a disclosed method (e.g., 
method 200, 300, 600, 800, or 1000). 
The mask generation tool 1300 further comprises a mask 

cut placement tool 1308. The mask cut placement tool 1308 is 
configured to determine positions of a plurality of mask cuts 
within the IC layout 1304. In some embodiments, the mask 
cut placement tool 1308 may be configured to determine 
positions of pre-defined mask cuts, which are determined 
before routing of shapes is performed. In other embodiments, 
the mask cut placement tool 1308 is configured to determine 
positions of mask cuts after routing shapes has been per 
formed. 
The mask generation tool 1300 further comprises an auto 

matic place and route tool 1310. The automatic place and 
route tool 1310 may be configured to determine the position 
of the one or more mask cuts within the IC layout 1304 and to 
selectively route shapes on a plurality of design levels with 
respect to the one or more mask cuts. In some embodiments, 
the automatic place and route tool 1310 may have re-routing 
capabilities, which allow the automatic place and route tool 
1310 to route shapes on one or more design levels during a 
first time, to determine the position of one or more mask cuts, 
and then reroute shapes on the one or more design levels 
during a second time, after the first time. 

In some embodiments, the mask generation tool 1300 may 
further comprise an input device 1312 and/oran output device 
1314. The input device 1312 is configured to allow a user to 
interact with the integrated chip layout 1304 and in various 
embodiments may comprise a keyboard, mouse, and/or any 
other input device. The output device(s) 1314 is configured to 
provide a graphical representation of the integrated chip lay 
out that can be viewed by a user. In various embodiments, the 
output device 1314 may comprise a monitor, for example. 

It will be appreciated that while reference is made through 
out this document to exemplary structures in discussing 
aspects of methodologies described herein, those methodolo 
gies are not to be limited by the corresponding structures 
presented. Rather, the methodologies and structures are to be 
considered independent of one another and able to stand 
alone and be practiced without regard to any of the particular 
aspects depicted in the Figs. 

Also, equivalent alterations and/or modifications may 
occur to one of ordinary skill in the art based upon a reading 
and/or understanding of the specification and annexed draw 
ings. The disclosure herein includes all such modifications 
and alterations and is generally not intended to be limited 
thereby. For example, although the figures provided herein 
are illustrated and described to have a particular doping type, 
it will be appreciated that alternative doping types may be 
utilized as will be appreciated by one of ordinary skill in the 
art. 

In addition, while a particular feature or aspect may have 
been disclosed with respect to one of several implementa 
tions, such feature or aspect may be combined with one or 
more other features and/or aspects of other implementations 
as may be desired. Furthermore, to the extent that the terms 
“includes”, “having”, “has”, “with, and/or variants thereof 
are used herein, such terms are intended to be inclusive in 
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meaning—like “comprising.” Also, “exemplary' is merely 
meant to mean an example, rather than the best. It is also to be 
appreciated that features, layers and/or elements depicted 
herein are illustrated with particular dimensions and/or ori 
entations relative to one another for purposes of simplicity 
and ease of understanding, and that the actual dimensions 
and/or orientations may differ from that illustrated herein. 

Therefore, the present disclosure relates to a method of 
forming a reusable cut mask or trim mask that can be used for 
multiple design levels, and an associated apparatus. 

In some embodiments, the present disclosure relates to a 
method of generating data for mask sets on a plurality of 
design levels. The method comprises, determining positions 
of a plurality of mask cuts corresponding to a plurality of 
design levels for a reusable cut mask or a reusable trim mask. 
The method further comprises designing shapes on the plu 
rality of design levels after determining positions of the plu 
rality of mask cuts, wherein shapes on a respective design 
level are designed to intersect one or more of the plurality of 
mask cuts. 

In other embodiments, the present disclosure relates to a 
method of performing a lithographic process. The method 
comprises generating a reusable cut mask or trim mask hav 
ing a plurality of mask cuts that correspond to locations of 
mask cuts for a plurality of design levels. The method further 
comprises forming shapes on a first design level on a substrate 
by performing a first lithography patterning process accord 
ing to a first pattern mask, and by performing a second lithog 
raphy patterning process according to the reusable cut mask 
or trim mask. The method further comprises forming shapes 
on a second design level on the Substrate by performing a third 
lithography patterning process according to a second pattern 
mask, and by performing a fourth lithography patterning pro 
cess according to the reusable cut mask or trim mask. 

In other embodiments, the present disclosure relates to a 
mask generation tool. The mask generation tool comprises a 
mask cut placement tool configured to determine positions of 
a plurality of mask cuts corresponding to a plurality of design 
levels for a reusable cut mask or a reusable trim mask. The 
mask generation tool further comprises an automatic place 
and routing tool configured to design shapes on the plurality 
of design levels after determining positions of the plurality of 
mask cuts, wherein shapes on a respective design level are 
designed to intersect one or more of the plurality of mask cuts. 
What is claimed is: 
1. A method of generating data for mask sets on a plurality 

of design levels, comprising: 
determining positions of a plurality of mask cuts corre 

sponding to a plurality of design levels for a reusable cut 
mask or a reusable trim mask; and 

routing shapes on one or more of the plurality of design 
levels after determining the positions of the plurality of 
mask cuts, wherein the shapes intersect the previously 
determined positions of one or more of the plurality of 
mask cuts that separate the shapes into separate paths 
respectively configured to connect nodes of an inte 
grated chip sharing an electrical network; 

wherein a computing device is configured to determine the 
positions of the plurality of mask cuts, or to route shapes. 

2. The method of claim 1, further comprising forming 
shapes on a first design level using a cut multiple patterning 
lithography process comprising: 

exposing a Substrate with the reusable cut mask having the 
plurality of mask cuts, and 

exposing the Substrate with one or more non-reusable cut 
masks having one or more additional plurality of mask 
CutS. 
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3. The method of claim 1, wherein the plurality of design 

levels comprise a first metal interconnect layer and a second 
metal interconnect layer. 

4. The method of claim3, wherein designing shapes on the 
plurality of design levels comprises operating an automatic 
place and route tool to automatically route the shapes that 
intersect one or more of the plurality of mask cuts. 

5. The method of claim 1, further comprising: 
generating a first mask set for a first design level, wherein 

the first mask set comprises a first pattern mask and the 
reusable cut mask; and 

generating a second mask set for a second design level, 
wherein the second mask set comprises a second pattern 
mask and the reusable cut mask. 

6. The method of claim 1, further comprising: 
routing shapes with Sub-resolution spaces, Smaller than 

spaces that can be achieved within a single photomask, 
on the plurality of design levels; 

designing the plurality of mask cuts to after routing shapes 
with Sub-resolution spaces, so that the plurality of mask 
cuts are located to form spaces at the Sub-resolution 
spaces; and 

re-routing shapes on the plurality of design levels to inter 
sect one or more of the plurality of mask cuts after 
determining the positions of the plurality of mask cuts. 

7. The method of claim 1, further comprising: 
designing one or more of the plurality of mask cuts; 
routing shapes on the plurality of design levels to intersect 

the one or more of the plurality of mask cuts: 
designing a remainder of the plurality of mask cuts; and 
re-routing shapes on the plurality of design levels to inter 

sect one or more of the remainder of the plurality of 
mask cuts. 

8. A method of integrated chip processing, comprising: 
using a mask writing tool to generate a reusable cut mask or 

trim mask having a plurality of mask cuts that corre 
spond to locations of mask cuts for a plurality of design 
levels; 

form shapes on a first design level over a Substrate, by 
performing a first lithography patterning process 
according to a first pattern mask and performing a sec 
ond lithography patterning process according to the 
reusable cut mask or trim mask; and 

forming shapes on a second design level that is different 
than the first design level over the substrate, by perform 
ing a third lithography patterning process according to a 
second pattern mask and performing a fourth lithogra 
phy patterning process according to the reusable cut 
mask or trim mask. 

9. The method of claim 8, further comprising forming 
shapes on the first design level or the second design level 
using a cut multiple patterning lithography process compris 
1ng: 

exposing the Substrate with the reusable cut mask having 
the plurality of mask cuts, and 

exposing the Substrate with one or more non-reusable cut 
masks having one or more additional plurality of mask 
CutS. 

10. The method of claim 8, wherein the first design level 
comprises a first metal interconnect layer, and wherein the 
second design level comprises a second metal interconnect 
layer. 

11. The method of claim 8, further comprising: 
depositing a cut material over the Substrate at positions 

corresponding to the plurality of mask cuts prior to per 
forming the first lithography or second patterning pro 
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cesses, wherein the cut material prevents formation of 
the shapes at positions in which the cut material is depos 
ited. 

12. The method of claim 8, further comprising: 
routing shapes with sub-resolution spaces, smaller than 5 

spaces that can be achieved within a single photomask, 
as a continuous routing path on the plurality of design 
levels; 

designing the plurality of mask cuts after routing shapes 
with sub-resolution spaces, wherein the plurality of 
mask cuts are located to intersect the continuous routing 
path at positions that form the sub-resolution spaces that 
separate the routed shapes into separate shapes that 
respectively connect nodes of an integrated chip sharing 
an electrical network; and 

re-routing shapes on the plurality of design levels to inter 
sect one or more of the plurality of mask cuts after 
designing the plurality of mask cuts. 

13. The method of claim 8, further comprising: 
designing one or more of the plurality of mask cuts; 
routing shapes on the plurality of design levels to intersect 

at least one of the one or more of the plurality of mask 
cuts to form sub-resolution spaces that separate the 
routed shapes into separate shapes that respectively con 
nect nodes of an integrated chip sharing an electrical 
network; 

designing a remainder of the plurality of mask cuts; and 
re-routing shapes on the plurality of design levels to inter 

sectat least one of the remainder of the plurality of mask 
cuts to form sub-resolution spaces that separate the re 
routed shapes into separate shapes that respectively con 
nect nodes of an integrated chip sharing an alternative 
electrical network. 

14. The method of claim 8, wherein sub-resolution spaces 
in different design levels are aligned at same positions of the 
reusable cut mask. 

15. A mask generation tool, comprising: 
a mask cut placement tool configured to determine posi 

tions of a plurality of mask cuts corresponding to a 
plurality of design levels for a reusable cut mask or a 
reusable trim mask; and 

an automatic place and routing tool configured to design 
shapes on the plurality of design levels after determining 
the positions of the plurality of mask cuts, wherein 
shapes on a respective design level are designed to inter 
sect the previously determined positions of one or more 
of the plurality of mask cuts. 

16. The mask generation tool of claim 15, further compris 
1ng: 
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a memory element configured to store an integrated chip 

layout having the plurality of design levels; and 
a mask writing tool configured to generate a mask set, 

based upon the integrated chip layout, comprising the 
reusable cut mask and a pattern mask. 

17. The mask generation tool of claim 16, wherein the 
mask set further comprises: 

a non-reusable cut mask having a second plurality of mask 
cuts corresponding to one of the plurality of design 
levels. 

18. The mask generation tool of claim 15, wherein the 
plurality of design levels comprise a first metal interconnect 
layer and a second metal interconnect layer. 

19. The mask generation tool of claim 15, 
wherein the an automatic place and routing tool is config 

ured to: 
route shapes with sub-resolution spaces, smaller than 

spaces that can be achieved within a single photo 
mask, as a continuous routing path on the plurality of 
design levels; 

re-route shapes on the plurality of design levels to inter 
sect one or more of the plurality of mask cuts after 
determining the positions of the plurality of mask 
cuts; and 

wherein the mask cut placement tool is configured to 
design the plurality of mask cuts to after routing shapes 
with sub-resolution spaces, wherein the plurality of 
mask cuts are located to intersect the continuous routing 
path at positions that form sub-resolution spaces that 
separate the routed shapes into separate shapes that 
respectively connect nodes of an integrated chip sharing 
an electrical network. 

20. The mask generation tool of claim 15, 
wherein the mask cut placement tool is configured to: 

design one or more of the plurality of mask cuts: 
design a remainder of the plurality of mask cuts; 
wherein the an automatic place and routing tool us con 

figured to: 
route shapes on the plurality of design levels to intersect 

at least one of the one or more of the plurality of mask 
cuts to form sub-resolution spaces that separate the 
routed shapes into separate shapes that respectively 
connect nodes of an integrated chip sharing an elec 
trical network; and 

re-route shapes on the plurality of design levels to intersect 
one or more of the remainder of the plurality of mask 
cuts to form sub-resolution spaces that separate the re 
routed shapes into separate shapes that respectively con 
nect the nodes of the integrated chip. 
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